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VhiCil can k rewri Ltcn as

(2.13)

ri-gion.
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Fi~. 2. Ii-matrix rn(*rgy spL..t I-.I.

3 Coqult .1[ i(Jll0{ !hf. R-mhltrix—.. .-— -— -.-— ---. .— ...—-...-— -.

The m.1i n prohl vm now is how t.o rompute thr R-mmltrix ~ivt*n hy

&q. (2.10). Clt*J1-ly w c.lnrlot dr:Il wilh Jn ifli”initc, JlbriL

discrete, srL of fllnrt ions, nnd so as in most olhrr atomic and

molrcu].lr conqlutatious w liavc to ol,lain a finite rcprrscnlntion

of Ltl.lt Set. In addition, it is UOL usu.I]]y pssiblc to solve

the ori~in.1] Schrovdi[]ccr cqu.lt ion cx.lct]y Jnd so w mus L use

,.
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Solut!on 3s:

atcly.
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This gives the tot.11 li-m~tr; x wit!iln tilt’ rt*l~rcsl+;:t.itl,’tl of st.lt(’:;

CO(r) ~s:
“A

(3.8)



TIIC rffcct of Lhis finite set diagonalizaLinn is shown in

Fig. 2c. Tlm llyllrr;ias-(l~ldlleim Tht”orm LCIIS us that the pole

posiLiOns in Figs. 21J and 2c must salisfy

(1;)2
Clearly Lhc lowest kA

(3.9)

2
will conwrgc on k~ fastest with

c~nnrgirs in their noighborhwd will

N valuu:i. From Kqs. (3.8) and

(3.9) uc src th.1~ R? R(!J) and so from Eq. (2.13) the approximate

phasr shift 6s fipprnnchcs the exact p!IJsc shift 6 from hclow.

SUCII rffectivr illini:num principles in LIIr orthogonal basis R-mutrix

meLhnr!s zrr discu:i::od in ~rratcr dct~ii by Burke nnd ROIJIJ[3].

3b ~zynsion in .-inArhiLr:ir”: l!.1::~~-f~L.—. . ——. . - .—--- — . .. .. .. . . .

11 is clc:lr lh~; thr crm:l~ut.lt.ion of Llr R-mntrix in tht!

rccion O < r < d (Is dc%crik’d alJovr h;ls m~ny fcaturrs of cdJttiin-.-

in~ holllld $tiJtl” cunfigur;lt icn inLor.trt iofl wJvc functions. S~mcly,

011(? tlilS LO CCRliIlltC’J Il:mlllloni:ln m:ltrlx 1[ in lcrms of sorer cffcc-

tivl y fiuitr ral:~l’ b~sis. hl]vn OIIL’ u[’:wI:; t u con:; idcri nfl such a

comlll[’x problt.m ns (.I(”cLr[J;l-mnlt’rlll(. ::r:lltrring it would bc

foolish IIOL Lo LiIliI.I AVJII1.IW of this :Iv;lilahlc hound st:ll(! :;oft-

w~rr av.lil;ll)lr Lo f’VJlll.ILL-11.milLoni.in mntriccs in Lrrrns of

arbilr.lry S1.lt.’r-Lyl~l”-f?rlllt.l] (STO) of G.lllssiall-L>oIIO-orbit~l

(CTo) hil:i,!s . h% Llm”rrforr ronsidrr ttw c’xp.lnzicm uf F(k2,r)

(1) in tt’rms (.f such J ba::ix set.

Bloch [21 hJs shown tliil~ LIIC!optmraLor

2
42 + V(r) + I.b
dr

in

(3.10)

whc rr

(3.11)



r

is Hrrmitian iII the region O ~ r ~ a with rcsFrct Lo an .lrbitrary

set of funccions. We therefore jnL1-oducc a complete set of

functions uA satisfying

(d2—~+ V(r) + )’‘~ + k: uA(r) = O
dr

(3.12)

These functions u,i(r) may hc uxp~ndcd in terms of arbitrary

functions, sincr t!lL?h!~’c:~ tillcrator 1,~R unrdntccs Lhnt th(! u,,(r)

satisfy !.hc bourt(!.lry condi~ion (2.4) c=wn Lhough Lhe cxpacsion

functions do nc:. UC may thrn prorcctf as in Lhc prrv~uus sl,ction

to c:valu~tc Lllc I!-matrix and pll:isc slliit.

III CrJIILLJSi lJ Lhc rnclhod dcscriht’cl in ~3J LIIC prescn: alJ-

proach may 1101 rc~luirc lIIc! inc]usiun of a contribution fr@Jl

distant lCVCIS LO obt~in rt”aso:lablc (’~,11~(.r~clicr. The cirbiLrary

basis can bc chc:I’:1 v!;LrIJLia] l:: to covrr Lhc whclc inlcrior

collfiEurLLion S;J.IC1. aIILI so tlw idra 01” “ncorby” or “distnl:t”

4 tlulticl!:lrlncl Klr(t?cn-:ltr:n——. —.-. .-— ...—. — ------- ----

anrl El(’ctrnll !lolL~c:Ilc Sc.-llt ’*rir:.: (~dI:::iIlrr.lt ions——. -- —..—---—.- -—..——____ .—--- ---- -. —-..-—- ..- . ..——.—

4a Tlm tlctllnlls-—- .. —

TIIC most import.:!nt und must difficult cffrcts to bu allovrd

for in Lhc intrractio:l rIf nn rloctron wi.tll on X-electron atom arc

electron-clccLrnn rxch.lnfil? and corr~h].ltion. For Lhe LLJL,I1 (N + 1)

elcctt-ons thvsc occurs within the cffrciivc radius a of the

charl;c distr-ibution of the N-clcctrnns. Outside t!lis r.ldius the

scnttrrcd electron cxpcricnccc only Coulomb and/or multipole

momrnL Jnd ccnLrifug31 terms in Lhc iIILcraction. Since Lhcsc ilrc

rcnson.lbly wc.ak and WC1l bch.~vcd, solutions for r ~ a can easily

bc olllainud at most incident electron cncrzics.
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In LIIC intern.11 region, from what has been said above, we

ideally should usc boum-!-state confi~:lrat.ion interaction t}~c

wave functions to deal ‘iith electron-electron cxchangc and corre-

lation. Ccnrrolizing our earli~r discussion of potential scat-

terin~ wv define a basis set of functions within each xLS of

the (N + 1) electron systcm as

-A
‘k -

where the

st3Ll?s of

za iAk *i t’!(r) +

I

b.
Jk ‘j

(4.1)

iA J

@j arc functions rCprCSCnLing Lhc real- or pseudo-target

inLuresL couplccl with funct:.ons representing the spin

and angular moLion of tllc scatLcred electron. The target states

themselves m.~y bc rcprcscntcd by C.I. functions constructed from

a bound urlliLal basis. Tl:c V: arc soluLions of Eq. (3.1) with

some app:upri~]t- zero-ordl’r potcnLi~l, usually the static potrn-

i.],al of Fllc LargcL ~rouf]d sLJtc. T!lcy rcprcscnt the’iadial

noLiu~- ~ Lhc .;cdtLcrcd electron for O < r < a, and arc generated- . .

tG ])c :CII!J1 to L!i(~ bol]lld orl~itals of Lhc same orbital an~uiar

mnmrntuh A iS the! allLisy;llmctri zation operaLor which properly

anti iyrnmt’:”:ri::i:s the (X + 1)-electron orbitals. The functions X.
J

arc (~ + ])-elrrLro[l funcLions co:l~tructcd from the bound orbital

basis alonu. They arc included to tom,.lctc the function sp~cc

omi,tLcd by orbi~..l urthogon~lity in Lhc first Lcrm of Eq. (4.1),

and to allow for furLhcr electron-clectroc correlation.

Since the b.lsifi orbit:lls satisfy the houldary conditions

(2.4) thry form a complete discrclc SC’L of functions, along with

the boIInd orbiLais, for each channel angular momcnLum 1. The

funclions ‘Vk arc therl’fore a complctc set of (N + I)-electron

functions nnd wc may expand the wnvc function at any energy E as

‘E =
x

‘Ek ‘k
(4.2)

k



Wc obtain the AEk by substituting YE into the Schrocdinger

equat.ibn

(IiN+l- E) WE = o (4.3)

and writing a Greens equation s: lar to Eq. (2.6). Use of the

boundary condition (2.4) and the fact that all relevant integrals

reduce to those in the rN+l th coordinaLc (since this is tile only .
coordinate with finite surface terms) yiel~s the multichannel

J,
,.

forms of Eqs. (2.10) and (2.11) i.e. ,
!,1:!.

.

zWik(a) ‘j~(a )

Rij(E) = ;;
‘k-E

k

(4.4)

and

Fij(E,a)
‘z ‘in(”~ ‘Fn~~E’r) - b~nj’E*r]r=a “-’)

n

whc rc

Wik(a) = L a ihk Y:(a) (4.6)

A

.
The mnil~ prohlcm rcmainiug is the calculation of the Wk an(l Ek.

These q(lantitirs allow us to defillc Lhc ‘-m~trix by Eq. (4.4)

and from Eq. (4.5) KC obtain Lhc mult icll~ll[lcl K-m.lLrix given

by Lhc wave function in the extcrn~ll rcgioll. Nrtllods for deter-

mining t!lis wovc functio[l have been adcqu~tcly discussed [171 and

progrmnmd [18] by Norcross.

T\:o approaches have princip~lly hccn USCCI in atomic physics

to obtain Vk and Ek. In Lhc first , adopted by Burke ct al. [3]

the llnmiltonian is dividc[l into two parts
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c“ N- o-
4 2“0 3PC 20

so P

R-m.~t rix 1.228 .001 0.004 1,412

11.1’ .550 -2.150 -0.542

B.C. 1.211 -,275 -o. !iK! 0,963

S.o. c. 1.11 -0.52 1.13
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the o[lmr electron: rtnly wlII.n they .lrr within thr rcsidu.11 ion

ch~rgr C1OUII, and mltridi’ of Lhis rr~ion a Corrrl.lttwi asy::!Fto Lic

form of L]ll’ir w.~vu function 11:1%brrn discussrd by PtmLcrkop [20].
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